The 2015 US dietary guidelines advise the importance of good dietary patterns for health, which includes all nutrients. Micronutrients are rarely, if ever, consumed separately, they are not tissue specific in their actions and at the molecular level they are multitaskers. Metabolism functions within a seemingly random cellular milieu however ratios are important, for example, the ratio of adenosine triphosphate to adenosine monophosphate, or oxidized to reduced glutathione. Health status is determined by simple ratios, such as the waist hip ratio, or ratio of fat mass to lean mass. Some nutrient ratios exist and remain controversial such as the omega-6/omega-3 fatty acid ratio and the sodium/potassium ratio. Therefore, examining ratios of micronutrients may convey more information about how diet and health outcomes are related. Summarized micronutrient intake data, from food only, from the National Health and Nutrition Examination Survey, were used to generate initial ratios. Overall, in this preliminary analysis dietary ratios of micronutrients showed some differences between intakes and recommendations. Principles outlined here could be used in nutritional epidemiology and in basic nutritional research, rather than focusing on individual nutrient intakes. This paper presents the concept of micronutrient ratios to encourage change in the way nutrients are regarded.
Introduction
The basic science is not physics or mathematics but biology-the study of life. We must learn to think both logically and bio-logically.
-Edward Abbey [1] The foundation of nutritional science is rooted in singling out specific foods, nutrients or other compounds, such as phytochemicals; historically protein was once considered the only nutrient (we recommend reading A Short History of Nutritional Science: Part 1 [2] , 2 [3] , 3 [4] and 4 [5] ). This very early search for foods/nutrients that would cure diseases (predominately acute conditions) remains the principle of nutritional science today, in the setting of our modern sedentary lifestyle and even in the face of global obesity, diabetes and other chronic disease. Current nutritional issues are very different from sailors receiving fresh fruit and vegetables to alleviate scurvy caused by vitamin C deficiency; the current nutritional issues have a complex etiology and this is our focus. However, it is important to state that a lot has been learned from human studies with single nutrients; especially as a means to treat the nutrient deficiencies in many parts of the world [6] .
The release of the 2015 Dietary Guidelines for Americans (2015 DG) has not been without controversy [7] . However, the 2015 DG focus on the whole diet (or dietary patterns), as opposed to focusing on single nutrients, as is the case with Dietary Reference Intakes (DRI). The concept of small effects from diet over time is also present in the 2015 DG, showing that it takes time for dietary/lifestyle changes to produce beneficial effects, which may be more appropriate for real life situations. Nevertheless, this is not a sudden change since the first dietary guidelines in 1980; there has been a slow shift towards dietary patterns and away from single nutrients [8] . Some food patterns have a higher inherent concentration of beneficial nutrients [9] , as well as a potentially better plant to animal energy subsistence ratio, compared to modern diets [10] .
Future dietary guidelines could also consider the burden of chronic disease and prescription use in the US population. Zhong et al. estimate approximately 70% of Americans are prescribed at least one drug; and over 50% are prescribed two drugs [11] . Current guidelines focus on the "healthy" population. "Healthy" may not be easy to define [12] , however an appropriate and applicable definition is required to aid future guidelines. "Healthy" may merely be the absence of a condition/disease, or it is possible that "healthy" can coexist with a chronic condition/disease, for example metabolically healthy obese [13] . This suggests a certain metabolic state may help to define "healthy".
Regardless, the dietary pattern approach should consider the role of all nutrients in combination within human metabolism, advising that combinations (ratios) of nutrients in a complete diet, are more informative than each single nutrient's contribution. All nutrients are required to allow metabolism to operate normally and there may be optimal physiological combinations (ratios) of nutrients. Thus, the dietary patterns implications are that the entire diet is more important than the sum of its parts (nutrients). Traditionally, it has not been common to present the intake values for all vitamins or all minerals relative to each other and there are no actual recommendations for a person's total daily intake of vitamins or minerals. The following suppositions are the basis for our nutrient ratio hypothesis:
1.
no person consumes a single nutrient (macro-or micro-nutrient) separately in a meal; 2.
in an ideal varied diet, the nutrient intake would be different for each eating occasion; 3.
nutrients do not target one particular tissue when consumed; 4. at the molecular level, nutrients are multitaskers; each nutrient does not act in one specific metabolic pathway, or alone.
While nutrient ratios are not a novel idea, this is the first time to suggest that modern nutritional science adapt these principles. This would be a very different way to think about nutrient intakes but it may bridge the gap between single nutrient based information and dietary patterns. It goes beyond the classical approach of evaluating each micro-or macro-nutrient by itself; which may be a relic of the past when deficiency type studies dominated, or it may be due to the adoption of the (drug based) randomized clinical trial model in nutrition. Regardless, nutritional science must develop new standardized models to account for the complexity of human nutrient metabolism and the lack of a true placebo to food/nutrients. Therefore, considering micronutrients in relation to one another is physiological and it is the basis for putting forward our hypothesis: micronutrient ratios may confer more comprehensive information than the concentration of a single nutrient. In this paper, we present the rudimentary foundations of this concept. of micronutrients that is the key. This suggests the underlying issue is a disruption in the ratios of micronutrients in the Western diet.
It is possible that studies focused on one mineral or vitamin, while discounting the nutrient-nutrient interactions and multitasking nature of nutrients, may be one of the reasons results from nutritional trials are so varied. This nutrient ratio concept also proposes there may be an ideal daily ratio of micronutrients to maintain health and prevent chronic disease, which would be ultimately be related to certain dietary patterns, as opposed to individual DRIs.
Because each micronutrient (with a few exceptions for the trace elements) has a DRI, a daily total micronutrient recommendation exists. In other words, if an individual achieved the DRI for each micronutrient he/she would have consumed a specific quantity of minerals and vitamins and they would be in a specific ratio.
The idea of nutrient ratios is well known and many other nutritional scientists are aware that absolute vales of single or multiple nutrients may mask the bigger picture. However, this is the first paper, to our knowledge, that proposes that the dietary micronutrient ratios should be routinely reported and that a concerted effort should be sought to develop the framework and mathematics to allow robust correlations to health and disease outcomes. Here, we develop the first micronutrient ratios from the DRIs and NHANES data for the US population and show that the male and female dietary micronutrient ratios from food (not supplements) do not match those inherent in the DRIs.
Materials and Methods
For this preliminary exploration of dietary micronutrient ratios, the summarized NHANES 2001-2014 data, from food only, from What We Eat in America [37] were transposed to Microsoft Excel. The rational for using food only data was that it would provide a better benchmark for dietary intake. In addition, the most common benchmarks for diet quality, such as the HEI, are based on food only. Supplements seem to be important in modern diets to fill nutritional gaps but there is no way to measure the quality of a diet that includes supplements; this is something to add in future diet quality instruments. Total mean daily intakes as well as intakes at different eating occasions, from food only, were utilized. Ratios for minerals and vitamins (separately and combined) were calculated, with the DRI ratios used as the benchmark. Mineral and vitamin intakes, DRIs and Daily Values (DVs; a value set by the Food and Drug Administration for food labelling purposes) were converted to the milligram. Total mineral or vitamin intakes were calculated by adding together all intake levels of minerals or vitamins, or minerals and vitamins combined. While Estimated Average Requirements are typically used in population-based studies, we deliberately used the entire set of DRIs so we could establish a recommended intake value for each micronutrient, to allow ratios to be calculated in this exercise.
To calculate ratios, the intake value for a mineral or vitamin was divided by the sum of all intake values for minerals or vitamins in the set; for example, if there were three minerals: To check the calculations were correct the sum of all ratios would be = 1 (ratio of mineral 1 + ratio of mineral 2 + ratio of mineral 3 = 1).
While the ratios are important values and could be used in calculations and analysis, they are just another set of numbers. Therefore, we wanted to include an alternative way to express them, to help conceptualize ratios and have whole numbers for all micronutrients. We decided to express the intakes of micronutrients relative to one micronutrient; the simplest way was to use the lowest value to set at one. To calculate the ratio relative to a specific mineral or vitamin, the intake value for each mineral or vitamin was multiplied by the reciprocal of the reference mineral or vitamin intake value, for example if there were three minerals and mineral 3 was the lowest value, first the ratios need to be calculated:
•
Ratio of mineral 1 = mineral 1/(mineral 1 + mineral 2 + mineral 3)
• Ratio of mineral 2 = mineral 2/(mineral 1 + mineral 2 + mineral 3) • Ratio of mineral 3 = mineral 3/(mineral 1 + mineral 2 + mineral 3)
Next all ratios are multiplied by the reciprocal of mineral 3 (the lowest value):
The important distinction is that ratio values represent all micronutrients but the relative ratio is only in reference to one micronutrient. For this paper, the micronutrient that is set at one means it is at a concentration of 1 mg, which puts many of the micronutrients at much higher than physiological concentrations. However, it is purely for illustrative purposes and helps support the concept that micronutrient levels are relative.
The same method was applied for the minerals and vitamins combined. To limit the size of the data presented in this manuscript and to simplify the presentation of preliminary results, the male and female 50-59-year-old age groups from the 2007-2008 and 2013-2014 NHANES surveys were used as the examples throughout the text. The same equations were used to calculate totals and ratios for the DRIs and DVs.
What We Eat in America summary tables [37] only contain dietary nutrient intake data, from food (not including supplements), for calcium (Ca), phosphorus (P), magnesium (Mg), iron (Fe), zinc (Zn), copper (Cu), selenium (Se), potassium (K) and sodium (Na). Intake data are not provided for chloride, chromium, iodine, manganese, molybdenum, fluoride, boron, nickel, silicon, vanadium and cobalt. For the vitamins, What We Eat in America does not report biotin (B 7 ) and pantothenic acid (B 5 ), however, vitamin A (A or retinol activity equivalents (RAE)), thiamin (B 1 ), riboflavin (B 2 ), niacin (B 3 ), pyridoxine (B 6 ), cobalamin (B 12 ), folate (as dietary folate equivalent (DFE)), vitamin C (C or Vit C; as ascorbate), vitamin D (D or Vit D; as cholecalciferol and ergocalciferol), vitamin E (E or Vit E; as α-tocopherol) and vitamin K (Vit K; as menaquinone and phylloquinone) were included. Vitamin D was not included in the 2001-2002 and 2003-2004 What We Eat In America data summaries. Although these missing minerals and vitamins are associated with normal human homeostasis, they could be included in a future larger analysis of micronutrient ratios.
Results

Mineral Ratios
The total mean male and female daily mineral intakes (mg), from food, from NHANES data (50-59-year-old age groups from the 2007-2008 and 2013-2014 NHANES surveys) were calculated and graphed with the totals for DRIs and DVs, as shown in Figure 1 . The total mineral intake inherent in the DRIs are similar for males and females except for adjustments to Ca, Mg and Zn. With a few exceptions, NHANES data (across survey years and age groups) indicates males are consuming above, whereas females are consuming below, the total daily-recommended mineral intake derived from the DRIs. This suggests that, overall; the total daily mineral intakes from food may be too high in males but too low in females.
The ratios of minerals for the DRIs, DV and NHANES data are shown in Table 1 . According to the current DRIs, males and females aged 51-70 years should consume approx. 8140 mg and 8237 mg of K, Na, Ca, P, Mg, Zn, Fe, Cu and Se per day, respectively ( Table 1) . The DV total for these minerals is 10,000 mg. However, NHANES data from [2007] [2008] showed that the total daily mineral intake from food for males was approx. 10,131 mg and 7838 mg for females. Total daily mineral intake for NHANES 2013-2014 showed that males consumed approx. 10,178 mg while females consumed 7590 mg of K, Na, Ca, P, Mg, Zn, Fe, Cu and Se, from food (Table 1) .
Generally, the total daily mineral intake from food is sufficient (per DRI) for males but not females, aged 50-59 years and does seem to decline with age (Table 1) Because Se was the lowest value, the ratios were calculated relative to the Se intake (Se = 1). The DV ratio suggests that for every 1 mg of Se, males and females aged 50- Table 1 ). The ratios of minerals at meal occasions (breakfast, lunch, dinner and snacks) from What We Eat in America data tables were also assessed. It is reasonable to expect differences in nutrient ratios at each meal occasion. Table 2 shows the most minerals are consumed at dinner but in general, meal differences are related to K, Na, Ca and P intakes.
Mineral intakes for each of the survey years (2007-2008 and 2013-2014) are also represented as pie charts for males ( Figure S1 ) and females ( Figure S2 ) aged 50-59 years, as well as the DRIs and DVs.
It is possible that many of the NHANES participants, especially females met the DRI for Ca and other minerals through supplementation; however, the focus was on food intakes. Including supplements in ratio calculations adds another dimension to dietary intakes but may be disconnected when correlating with food patterns. It is an interesting area of research to peruse and conceivably urgent as supplement use is reported by over 50% of NHANES respondents, as well as shifting patterns in supplement type, less multi-vitamin-mineral use and more single nutrients (vitamin D) [38] . The influence of supplements on dietary intake ratios would also be potentially fascinating. Because Se was the lowest value, the ratios were calculated relative to the Se intake (Se = 1). The DV ratio suggests that for every 1 mg of Se, males and females aged 50- Table 1 ). The ratios of minerals at meal occasions (breakfast, lunch, dinner and snacks) from What We Eat in America data tables were also assessed. It is reasonable to expect differences in nutrient ratios at each meal occasion. Table 2 shows the most minerals are consumed at dinner but in general, meal differences are related to K, Na, Ca and P intakes.
It is possible that many of the NHANES participants, especially females met the DRI for Ca and other minerals through supplementation; however, the focus was on food intakes. Including supplements in ratio calculations adds another dimension to dietary intakes but may be disconnected when correlating with food patterns. It is an interesting area of research to peruse and conceivably urgent as supplement use is reported by over 50% of NHANES respondents, as well as shifting patterns in supplement type, less multi-vitamin-mineral use and more single nutrients (vitamin D) [38] . The influence of supplements on dietary intake ratios would also be potentially fascinating. Values are rounded. Abbreviations: calcium (Ca), phosphorus (P), magnesium (Mg), iron (Fe), zinc (Zn), copper (Cu), selenium (Se), potassium (K) and sodium (Na). Values are rounded. Abbreviations: calcium (Ca), phosphorus (P), magnesium (Mg), iron (Fe), zinc (Zn), copper (Cu), selenium (Se), potassium (K) and sodium (Na).
Vitamin Ratios
Regarding total vitamin intakes from food ( Figure 2 and Table 3 ), males in general seem to exceed the total mineral intake suggested by the DRIs and DVs. For females, because the DRIs and DVs differ, the DRIs are exceeded in most instances while the intakes are lower than the DVs, especially the 2016 DVs. Assuming the DRIs for vitamins C, B 3 , E, B 6 , B 2 , B 1 , A, folate and vitamins K, D and B 12 were ingested, males 50-59 years would be consuming approximately 127 mg of these vitamins per day, whereas females 50-59 years would be consuming approximately 109 g of the same vitamins (Table 3) . If Americans adhered to the DVs for vitamins, males and females 50-59 years would be receiving approximately 127 mg per day (Table 3) . NHANES summary data (from What We Eat In America [37] ) from [2007] [2008] showed that approximately 138 mg and 123 mg of vitamins were consumed by males and females, respectively, from food in one day. Daily intakes in 2013-2014 were slightly lower compared to 2007-2008 intakes at 132 mg total vitamin intake for males and 111 mg for females (Table 3) . On the surface, these data show that total vitamin intakes in the US are just above the DRI and DV totals. Vitamin intakes for each of the survey years (2007-2008 and 2013-2014) are also represented as pie charts for males ( Figure S3 ) and females ( Figure S4 ) aged 50-59 years, as well as the DRIs and DV.
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Regarding total vitamin intakes from food ( Figure 2 and Table 3 ), males in general seem to exceed the total mineral intake suggested by the DRIs and DVs. For females, because the DRIs and DVs differ, the DRIs are exceeded in most instances while the intakes are lower than the DVs, especially the 2016 DVs. Assuming the DRIs for vitamins C, B3, E, B6, B2, B1, A, folate and vitamins K, D and B12 were ingested, males 50-59 years would be consuming approximately 127 mg of these vitamins per day, whereas females 50-59 years would be consuming approximately 109 g of the same vitamins (Table 3) . If Americans adhered to the DVs for vitamins, males and females 50-59 years would be receiving approximately 127 mg per day (Table 3) . NHANES summary data (from What We Eat In America [37] ) from [2007] [2008] showed that approximately 138 mg and 123 mg of vitamins were consumed by males and females, respectively, from food in one day. Daily intakes in 2013-2014 were slightly lower compared to 2007-2008 intakes at 132 mg total vitamin intake for males and 111 mg for females (Table 3) . On the surface, these data show that total vitamin intakes in the US are just above the DRI and DV totals. Vitamin intakes for each of the survey years (2007-2008 and 2013-2014) are also represented as pie charts for males ( Figure S3 ) and females ( Figure S4 ) aged 50-59 years, as well as the DRIs and DV. (Table 3) .
For females, the DRI vitamin ratios, relative to B12 differ because the vitamin C recommendations is lower compared to males. Therefore, for each mg of B12 females should consume 31,250 mg of C; 5833 mg of B3; 6250 mg of E; 625 mg of B6; 458 mg of B2; 458 mg of B1; 292 mg of A; 167 mg of folate; 38 mg of (Table 3) . (Table 3) . The ratios of vitamins at meal occasions are shown in Table 4 . Again, larger differences were expected between survey years, yet differences were minor suggesting similar dietary patterns/nutrient ratios are present for many years.
As mentioned previously, supplements were not included in this analysis, as micronutrients from food were the focus due to the easier connection to food patterns. Supplement use and their contribution to healthy eating patterns, in addition to how they change micronutrient ratios are areas for future research, especially if healthy micronutrient ratios are established; supplements then could have a direct benefit. Table 5 contains the data for the minerals and vitamins combined, from food, for males and females, aged 50-59, from the same survey years. The DRIs for minerals (K, Na, Ca, P, Mg, Zn, Fe, Cu and Se) and vitamins (C, B 3 , E, B 6 , B 2 , B 1 , RAE, DFE, Vit K, D and B 12 ) combined are 8267 mg and 8346 mg for males and females aged 51-70, respectively. The DV total for the combined vitamins and minerals discussed is 10,127 mg. NHANES data for 50-59-year old's, from 2013-2014 show that males had a total daily mineral and vitamin intake of 10,310 mg and females had an intake of 7701 mg. This shows that in the most recent NHANES survey, males obtained more than the total DRI mineral and vitamin intake whereas females did not (Table 5 and Figure 3) . Figure 3 contains all the mineral and vitamin intakes from food in a stacked column, as well as three smaller columns with nutrients segmented. The nutrients with the six largest intake values (K, Na, Ca, P, Mg and vitamin C) have a DRI (51-70 year olds) total of 8210 mg for males and 8295 mg for females, for these micronutrients, and account for over 99% of the total intake. The NHANES 2013-2014 totals were 10,229 mg and 7641 mg for males and females 50-59 years respectively, showing males intakes were above the DRI value and females below, from food. Next are the nutrients whose DRIs range from 16-1.2 mg/day (B 3 , Vit E, Zn, Fe, B 6 , B 2 and B 1 ). While these account for less than 1% of the total, the total DRI (males and females aged 51-70) for these nutrients combined are 54 mg and 49 mg respectively. However, NHANES 2013-2014 data showed that intakes were 77 mg for males aged 50-59 and 57 mg for females of the same ages, showing both males and females exceed the DRI total for these nutrients from food. The remaining micronutrients (A, Cu, DFE, K, Se, D and B 12 ), have a total combined DRI intake of 2.4 mg for males 51-70 years and 2.2 mg for females aged 51-70, whereas NHANES intakes from 2013-2014 were 3.1 mg and 2.4 mg for males and females, aged 50-59 respectively, again showing males and females exceed the DRI total for these nutrients, from food. These data for the combination of minerals and vitamins show that even though females have an overall insufficient intake for the micronutrients listed above, according to DRI, the insufficiency is overtly apparent for the six nutrients with the largest values (K, Na, Ca, P, Mg and vitamin C). As already mentioned, supplement use by NHANES participants may reduce this number; however, food patterns and not supplement use are the cornerstone of dietary guidelines. Micronutrient patterns/ratios must first be established before the benefits of supplements can be recognized.
Discussion
If this paper were an analysis of a single nutrient such as Ca, we would conclude that women aged 50-59 years have an insufficient intake, whereas males are meeting the DRI from food. Alternatively, if we were analyzing B12 we would have shown that the average intake from food, for males and females aged 50-59, are well above the DRI. However, we would not have shown that the same women are insufficient in Ca but sufficient in B12 and males have a sufficient intake of both from food. We show that by examining micronutrient patterns a different picture of diet quality emerges.
For the minerals, the most obvious difference (Figures S1 and S2 and Table 1 ) between recommendations and intakes is the K to Na ratio, even though the overall patterns from NHANES look very different from the DRI (Figures S1 and S2 ). For 50-59 year olds, the DRI K to Na ratio is 4/1, whereas the DV has a ratio of 2/1. However, in the 2007-2008 and 2013-2014 survey, males and females (50-59 years) had a ratio of 1/1. While these two minerals are a good example, the results imply that minerals are being consumed in the wrong ratio in the US diet (a proxy for the Western diet), if we use the DRIs and DVs as the standard. Moreover, utilizing ratios may add more perspective to DRIs. For example, the DRI for Ca could be 1000 mg because the intake of Na was high (or low Mg, or other combinations) in the populations that were studied, or it could be 1000 mg regardless of the intake of other minerals. An incorrect ratio of mineral intakes may explain why CVD These data for the combination of minerals and vitamins show that even though females have an overall insufficient intake for the micronutrients listed above, according to DRI, the insufficiency is overtly apparent for the six nutrients with the largest values (K, Na, Ca, P, Mg and vitamin C). As already mentioned, supplement use by NHANES participants may reduce this number; however, food patterns and not supplement use are the cornerstone of dietary guidelines. Micronutrient patterns/ratios must first be established before the benefits of supplements can be recognized.
If this paper were an analysis of a single nutrient such as Ca, we would conclude that women aged 50-59 years have an insufficient intake, whereas males are meeting the DRI from food. Alternatively, if we were analyzing B 12 we would have shown that the average intake from food, for males and females aged 50-59, are well above the DRI. However, we would not have shown that the same women are insufficient in Ca but sufficient in B 12 and males have a sufficient intake of both from food. We show that by examining micronutrient patterns a different picture of diet quality emerges.
For the minerals, the most obvious difference (Figures S1 and S2 and Table 1 ) between recommendations and intakes is the K to Na ratio, even though the overall patterns from NHANES look very different from the DRI (Figures S1 and S2 ). For 50-59 year olds, the DRI K to Na ratio is 4/1, whereas the DV has a ratio of 2/1. However, in the 2007-2008 and 2013-2014 survey, males and females (50-59 years) had a ratio of 1/1. While these two minerals are a good example, the results imply that minerals are being consumed in the wrong ratio in the US diet (a proxy for the Western diet), if we use the DRIs and DVs as the standard. Moreover, utilizing ratios may add more perspective to DRIs. For example, the DRI for Ca could be 1000 mg because the intake of Na was high (or low Mg, or other combinations) in the populations that were studied, or it could be 1000 mg regardless of the intake of other minerals. An incorrect ratio of mineral intakes may explain why CVD risk is associated with Ca supplement use [39, 40] ; here the much higher intake of Ca may be affecting the ratios of the other minerals and possibly their physiological actions. The recent associations between a high P intake and all-cause mortality [41] and cardiovascular disease [42] may be due to a disruption in the ratio of P to other nutrients. Furthermore, the ratio of Ca to Mg is well known and recent epidemiological evidence suggests it may be important to determine the ideal ratio to reduce mortality [43] and reduce the risk for postmenopausal breast cancer [44] . This would then suggest mineral research might benefit by shifting to investigating ratios of minerals on health outcomes as opposed to individual mineral levels. However, it is possible that optimal/ideal mineral ratios will turn out to be sex, age and possibly more importantly for clinical nutrition, disease specific. The optimal ratio of minerals required to promote health, athletic activity, healthy aging, or prevent/treat conditions is unknown. For future mineral studies, nutritional scientists may have to consider the ratio of minerals in the diet, or evaluate blood/tissue by chemical analysis, before arriving at conclusions (especially related to clinical endpoints).
For the vitamins, the differences in ratios between DRIs, DVs and NHANES intakes is less noticeable compared to the minerals but does exist ( Figures S3 and S4 and Table 3 ) The fat-soluble vitamins account for only 13% (16 mg) of the overall total daily intake for males and 14% (16 mg) for females. Even so, we have previously shown that the intake of fat soluble vitamins are chronically insufficient in the US diet [36] . Similar to the minerals, vitamin ratios may help explain why the DRIs are at their current levels, for example; the DRI for vitamin E could be 15 mg because the intake of vitamin C is 90 mg. To highlight differences between the DRIs/DVs and NHANES intakes some simpler examples can be used and these examples are for illustrative purposes only. A potentially interesting value may be the ratio of water soluble to fat soluble vitamins. Using the DRIs this ratio should be 41/1 for males and 33/1 for females, the DV ratio is 41/1. The 2007-2008 NHANES data (from What We Eat In America summary tables) showed that the male and female ratios were 55/1 and 45/1, respectively, for the 2007-2008 survey, and, 48/1 and 41/1 for male and female ratios, respectively. This shows that more water-soluble vitamins are being consumed relative to what is recommended. For another example, the ratio of the major antioxidant nutrients (C/E/Se) may show differences. Relative to Se, the DRIs for 50-70 year olds provide ratios of 1636/273/1 for males and 1364/273/1 for females. However, NHANES 2013-2014 derived data show that the relative C/E/Se ratios were 594/74/1 and 763/89/1 for males and females 50-59 years, respectively. The ratios of minerals and vitamins at meal occasions indicated minor differences between survey years, approximately 6 years apart. Although some observable differences were expected between survey years, minor changes suggest similar dietary patterns/nutrient ratios are present in the US diet for many years. The importance and use of vitamin ratios is yet to be discovered; however, ratios of smaller numbers of vitamins may provide some information regarding how vitamin ratios affect metabolism and health outcomes.
Although this was not a statistical analysis, the observed lack of major differences between micronutrient intakes at each eating occasion was not expected. However, the effects, if any, of these minor differences are unknown. One possible explanation is that because the 2015 DG and previous dietary guidelines, impact food policy it could be that more and more foods/meals/supplements are formulated to meet the DRIs and DVs. This could mean the meal-to-meal variation in nutrient intakes is lost. It may be interesting to explore the nutrient ratios at each meal for those people consuming whole foods only, versus a diet higher in processed foods to see if higher meal-to-meal nutrient variation is present and beneficial. The DRIs and DVs however, may apply to the formulation of sole source nutritional products (as used in tube feeding and other special circumstances), nevertheless, it must be remembered that a product formulated to meet the DRIs is essentially designed to avoid deficiency. The DRIs are not disease or condition specific and disease conditions may change the requirements for micronutrients [36] ; this presents a large research gap for nutrition.
Nutrient intake ratios were discussed based on NHANES intakes and DRIs, however, there is no indication of what a harmful micronutrient ratio may be. Tolerable upper intake levels (ULs) exist for P, Na, Ca, Vit C, Vit E, B 6 , Fe, Zn, B 3 , Cu, RAE, DFE, Se and Vit D and their ratios were calculated (Table 6 ). Mg was not included as the UL is only for pharmacological agents and not from food sources. It is rare for an individual to have all these nutrient intakes at or above the ULs; however, it may be possible to use the UL ratios as a cut off. As an example, we have provided a hypothetical diet in Table 6 that contains micronutrients at the DRI but with 2000 mg of vitamin C. The ratio values changed showing nutrient ratios change, as did the value relative to vitamin D (from 6000 to 133,333). While choline is not considered a true vitamin, it is an essential nutrient with numerous important functions [45] and the 2015 DG indicate it is a nutrient of concern, however for simplicity it was not included in this paper. It is a nutrient that can be considered in future ratio based analyses.
One final topic must be covered regarding micronutrient ratios. Within micronutrient ratios there is the concept of proportionality. Simply put, if the proportion of Na and K is 1 g of Na for every 4 g of K, it may not matter if one consumes 10 g of sodium once the amount of K consumed is 40 g. Physiologically, we expect relationships of micronutrients to be a mixture of linear, exponential and potentially saturable. However, for purposes of illustration, having the proportions of the micronutrients within the DRIs be ideal, the micronutrient intakes from NHANES would change for males and females aged 50-59 years based on their total intakes from 2013-2014 NHANES summary data. Table 7 shows how vitamin and mineral intakes would change, if the total (NHANES reported) intakes were in proportion to the DRI ratios. The greatest differences are in the six micronutrients required in the greatest amounts (K, Na, Ca, P, Mg and Vit C). Because males had a greater total micronutrient intake from food than the DRI (10,310 mg v. 8267 mg), all minerals and vitamins are greater than but still in proportion to the DRIs, whereas for females the total intake were below the DRIs (7701 mg v. 8346 mg) resulting in all the micronutrients being in proportion to but not meeting, the DRI. Supplements, single or multi-nutrient, could fill the gaps but it would be difficult to have a supplement with the correct concentrations to adjust for gaps in the daily micronutrient ratio, if established, especially if excesses are present. Nevertheless, supplements play a role to in the modern diet and efforts should be made to integrate them into dietary patterns.
An important point to consider when advocating dietary patterns over focusing on DRIs, or even optimal levels of single nutrients, is that dietary patterns conceivably account for occasional, or even regular, poor dietary choices. A good dietary pattern may not meet the DRI for every nutrient. If this is the case then it is possible that a good dietary pattern includes a certain percentage of poor food choices and days not meeting DRIs. Conversely, it may be that, not adhering strictly to the DRIs each and every day may be related to chronic disease risk.
While the total micronutrient intakes are sufficient in the US population, it may be their ratios that are out of balance and ultimately contribute to syndromes such as osteosarcopenic obesity [36] . A recent analysis of the Korean National Health and Nutritional Examination Survey (2008) (2009) (2010) showed that women with a better diet quality were less likely to have osteosarcopenic obesity [46] . Although this was not found in males there may be subtle differences in dietary patterns between males and females which may be detected using nutrient ratios.
The classic method of nutrient research is to change the concentration of one specific nutrient and measure outcomes, or use large databases to obtain retrospective observational data, with various statistical adjustments, to associate a food or nutrient with an outcome. Both of these approaches may not take into consideration the dynamic multifunctional nature of the nutrient in question and its relationship to other nutrients. The focus on dietary patterns in the new 2015 DG makes sense because that is how food is consumed; however, cultural differences may limit the use of standard dietary patterns globally. Williams et al. support dietary pattern type research but also call for more studies with whole diet interventions suitable for real world studies, compliance being the primary obstacle for most studies, but also individual differences in response to diet [47] . Leite proposes applying compositional methodology to nutritional epidemiology [48] , which may be able to separate individual dietary components and adjust for energy intake and this type of analysis may be appropriate for all nutritional studies. A recent article, based on a dairy research expert workshop in Denmark, suggests evidence from single nutrients be combined with whole food studies to form future dietary recommendations [49] . A new method to look at diet and health outcomes in a holistic fashion are Nutrient-Wide Association Studies [50] with methodology borrowed from Environmental-Wide Association Studies [51] ; both analyses are rooted in Genome-wide Association Studies with environmental factors, or nutrients, replacing genetic loci. Tzoulaki et al. searched for associations between 82 dietary components (and 3 urinary minerals) and blood pressure, using data from the International Population Study on Macronutrients and Blood Pressure (INTERMAP) and NHANES [50] . Results showed that the intakes of several B vitamins were negatively correlated with blood pressure, as well as reinforcing the importance of the Na/K ratio. While there is room for interpretation of the results due to differences between INTERMAP and NHANES data, these types of studies are a positive step forward for nutritional science and strengthen the need for new, inclusive, systems based, methodology in nutrition (basic and clinical). Results also suggest that dietary ratios of B vitamins (folate, riboflavin and thiamin) may be important in the development of coronary heart disease. However, results from these types of studies are primarily observational and provide hypothesis for later follow up in controlled clinical trials; the issue is how to design randomized clinical trials, with appropriate controls, to investigate for cause-effect. While the concept of nutrient ratios is applicable to observational and interventional studies, the major limitation is the lack of dietary intake data and nutrient biomarkers to coincide with other endpoints. Because seemingly minor differences in intake patterns over meal occasions and overall were seen in this data, there is the possibility that minor differences may represent a nutritional butterfly effect [52] to the overall diet in relation to the outcome measured.
It may also be time to include disease endpoints in dietary intervention trials [47] and the recent guiding principles from the National Academies of Sciences, Engineering and Medicine are a major step forward in having future DRIs specific to chronic diseases [53] (based on a working group report [54] ). One benefit of using disease endpoints is that nutrition will become more important in the healthcare setting and the potential for dietary assessment becoming routine for clinicians, however, to track dietary related disease progression is a large and lengthy undertaking. For all encompassing dietary guidelines targeted at maintaining good nutritional status, other endpoints are also required-e.g., optimal bone mass, muscle mass, minimizing fat mass accrual, cognition, enhancing gut microflora. Other basic science endpoints are also required to find nutrient intakes that optimize human metabolism. Micronutrient intakes from diet are the focus of this paper, however the same principles could be applied to mineral and vitamin biomarker ratios.
The concept of nutrient ratios may bridge the gap between single nutrient studies and dietary patterns. The focus of this analysis was on those aged 14 years or older, because these ages would be expected to make more individual food choices, however, micronutrient ratios could apply to younger ages as well as pediatric/infant nutrition. Micronutrient ratios are not meant to replace other forms of epidemiological research or appropriate single nutrient studies; rather they can coexist and may even complement each other. We anticipate this introduction to the concept of micronutrient ratios, whether it be for sets of related micronutrients or all micronutrients, to be the catalyst for scientific discussion and possibly stimulate new ideas in nutritional science and promote a change in the way nutrients are regarded and studied.
Conclusions
This paper has shown that physiologically micronutrients are rarely consumed individually and metabolism, in all its complexity, is a cornucopia of ratios. The commitment to investigating micronutrients as single entities may be the reason nutritional studies outcomes are so varied. A fundamental rethinking of nutritional science is necessary to address how dietary patterns (a complex ratio of nutrients) affect health and clinical outcomes and how they can translate to individual recommendations. A dietary ratio of micronutrients (for healthy people) is already inherent in all diet patterns as well as the DRIs and these could be the standard for future studies that measure the effects of micronutrient ratios on health outcomes. However, much more work is required; including new mathematical methods and study designs before nutrient ratios can be fully utilized for nutritional studies. 
